Introduction {#S0001}
============

Localized scleroderma (LS), also called morphea, belongs to the spectrum of autoimmune sclerotic diseases primarily affecting the skin. Depending on its clinical variant, the disease can also affect the subcutaneous tissue, fascia, muscles and bones. LS occurs in all races; predominantly in females (2.6--6 : 1). Its incidence rate is 0.4--2.7 individuals per 100 000. It can develop at any age, yet its peak incidence depends on the clinical variant; plaque morphea often occurs in adults aged 40--50 years whereas linear morphea in children aged 2--14 years \[[@CIT0001]--[@CIT0004]\].

Localized scleroderma is characterized by enhanced production of collagen and extracellular matrix (ECM) components, which are deposited in the skin and/or deeper tissues and are responsible for the clinical picture of the disease.

Numerous studies indicate familiar predisposition to the disease, the presence of microchimerism and frequent co-existence of autoimmune diseases, i.e. autoimmune thyroiditis, alopecia areata, vitiligo, diabetes mellitus type I, and ulcerative enteritis \[[@CIT0005]--[@CIT0007]\]. The environmental factors such as Borrelia burgdorferi, injuries, radiation and drugs (β-blockers, bleomycin, D-penicillamine, bromocriptine) are also implicated in the etiopathogenesis of LS \[[@CIT0002], [@CIT0008], [@CIT0009]\].

The interpenetrating genetic and environmental factors stimulate the immune system which generates the cellular and humoral response. Many cytokines and growth factors are involved in the pathogenesis of LS; in particular, transforming growth factor (TGF)-β, interleukin (IL)-4, IL-6, IL-10, IL-27, interferon (INF)-γ and recently IL-17A have been found to be essential for the process of inflammation and fibrosis \[[@CIT0010]--[@CIT0014]\].

Transforming growth factor β is a cytokine occurring in three isoforms (TGF-β1, TGF-β2, TGF-β3). It shows multi-faceted action and is involved in regulation of cell growth, differentiation and migration, synthesis and degradation of extracellular matrix components, processes of chemotaxis, apoptosis and in immune regulation \[[@CIT0015]--[@CIT0017]\]. Transforming growth factor β is predominantly produced by mononuclear cells, i.e. activated lymphocytes and monocytes at the site of inflammatory reaction and by platelets. Transforming growth factor β has been demonstrated to enhance the expression of collagen type I, III, VI and X, fibronectin and proteoglycans \[[@CIT0018]\]. The increase in extracellular matrix components is stimulated by TGF-β through inhibition of their degradation, inhibition of protease synthesis and activation of ECM protease inhibitors \[[@CIT0019]\].

Interleukin 6 is considered the crucial factor regulating inflammatory and immune response. Interleukin 6 is produced by macrophages, monocytes, fibroblasts, endothelial cells, keratinocytes, T and B lymphocytes, mast cells and chondrocytes \[[@CIT0019]\]. The damaged skin can be the main source of IL-6. By stimulating the secretion of acute phase proteins, the cytokine is involved in regulation of local as well as general protective mechanisms limiting the injuries of the affected tissue \[[@CIT0019], [@CIT0020]\]. Interleukin 6 stimulates proliferation of fibroblasts and production of collagen, leads to activation of B and T lymphocytes, increases synthesis of collagenase-inhibiting metalloproteinases. Thus it seems to be an extremely relevant factor in the pathogenesis of scleroderma \[[@CIT0021]--[@CIT0023]\].

Interleukin 6 receptor (IL-6R) of high affinity consists of two chains: an 80 kDa α chain capable of binding to a ligand, i.e. IL-6, yet unable to transmit the signal, and a 130 kD aβ chain, which has a longer intracellular fragment and is capable of intracellular transmission of the signal \[[@CIT0019]\]. The IL-6R α chain is expressed only on some cells, i.e. hepatocytes, neutrophils, monocytes, macrophages and some lymphocytes; gp130 expression, however, is observed in almost all body cells. The soluble IL-6 receptor is a product of proteolytic cleavage of α chain. It binds to IL-6 enhancing its action, mediates signal transmission and is capable of impulse conduction after binding to β chain present in the cell membrane \[[@CIT0020]\].

Interleukin 27 (IL-27) belongs to a group of IL-6/IL-12 cytokines as its structure and function are similar. Interleukin 27 is released by activated macrophages and dendritic cells. It is produced by stimulated antigen-presenting cells, activates naive CD4+ T cells and stimulates the expression of INF-γ independently of IL-12 \[[@CIT0012], [@CIT0013]\].

Noteworthy, IL-27 exerts double effects on the immune system -- stimulatory by increased production of proinflammatory cytokines \[[@CIT0024]--[@CIT0026]\] and inhibitory by activating anti-inflammatory cytokines, i.e. IL-10 \[[@CIT0027], [@CIT0028]\].

Aim {#S0002}
===

The aim of the present study was to evaluate concentrations of the selected cytokines, i.e. IL-27, TGF-β1, TGF-β2, IL-6 and its soluble receptor (sIL-6R), in patients with LS compared to healthy individuals. Moreover, concentrations of cytokines in LS were assessed according to the markers of inflammation.

Material and methods {#S0003}
====================

The study encompassed 17 female patients with confirmed histopathologically LS aged 25--67 years (mean age: 45.3 ±14.6 years) hospitalized at the Department of Dermatology, Medical University of Lublin in 2005--2008. The control group consisted of 30 healthy females aged 24--63 years (mean age: 44.8 ±10.9 years).

The clinical form, duration of the disease and its activity were assessed.

According to the clinical form and degree of tissue involvement patients were divided into the following groups: 1) patients with disseminated morphea, 2) patients with linear morphea, 3) patients with morphea profunda, 4) patients with plaque morphea.

The duration of disease was defined as the period from the onset of the first LS symptom to patient evaluation. The duration of disease ranged from 1 year to 45 years (mean: 10.7 years).

Based on the disease activity, two groups were distinguished -- patients with an active and with inactive form, wherein the active form of LS was characterized by the presence of indurated plaques or linear lesions of white-yellowish or porcelain white colour and with lilac ring.

All participants were informed about the objective of the study and gave their consent for inclusion. The study design was approved by the Bioethics Committee for Clinical Research connected with the Medical University (no. KE 0254/211/2006).

Peripheral blood was collected from all patients and healthy controls from the basilic vein in the volume of 8 ml. Blood was sampled in morning hours in the fasting state during routine diagnostic examinations and then was immediately centrifuged at 1000xg for 15 min. The obtained serum was divided into 200 µl volumes and cryopreserved at --75°C to --80°C until the entire material was collected and used for further determinations.

Serum concentrations of IL-27, TGF-β1, TGF-β2, IL-6, and sIL-6R were determined by using a commercial enzyme-linked immunosorbent assay (ELISA) kit (Quantikine Human Immunoassay, R&D Systems, USA) and automated ELISA ELx800 reader (BioTek Instruments, USA).

Statistical analysis {#S20004}
--------------------

The results were statistically analysed. The values of parameters measured on a nominal scale were characterized by a number and percentage whereas those on a quotient scale using a mean, standard deviation, median, upper and lower quartile with the range of variability included.

Differences between groups were considered significant at the 5% level (*p* \< 0.05). The results were presented in tables and figures. Statistical analyses were performed using Statistica v.10.0 software (StatSoft, Poland).

Results {#S0005}
=======

Analysis of LS groups according to the clinical form of disease and disease activity are presented in [Tables 1](#T0001){ref-type="table"} and [2](#T0002){ref-type="table"}, respectively.

###### 

The study group according to the variant of localized scleroderma

  Clinical variant       Number of patients   Percentage of patients (%)
  ---------------------- -------------------- ----------------------------
  Disseminated morphea   9                    52.9
  Linear morphea         4                    23.5
  Morphea profunda       2                    11.8
  Morphea en plaque      2                    11.8
  Total                  17                   100

###### 

The study group according to the activity of disease

  Activity   Number of patients   Percentage of patients (%)
  ---------- -------------------- ----------------------------
  Active     15                   88.2
  Inactive   2                    11.8
  Total      17                   100

In the study group, *erythrocyte sedimentation rate* (ESR) ranged from 3 to 35 mm/h (mean: 12.3 mm/h). The level of C-reactive protein (CRP) in LS patients was within the range of 0.5--43.2 mg/l (mean: 5.08 mg/l). Elevated levels of CRP were found in 2 (11.8%) patients whereas in 15 (88.2%) were within normal limits.

The results of IL-27, TGF-β1, TGF-β1, IL-6, and sIL-6R concentrations in the LS group (*N*1 = 17) and in the control group (*N*2 = 30) are presented in [Table 3](#T0003){ref-type="table"}. Correlations between serum levels of cytokines and ESR or CRP are listed in [Table 4](#T0004){ref-type="table"}.

###### 

Concentrations of cytokines the LS group and controls

  ---------------------------------------------------------------------------------------------------------------------------------------
  Cytokines          Group     Mean      SD        Median    Lower quartile   Upper quartile    Range              Statistical analysis
  ------------------ --------- --------- --------- --------- ---------------- ----------------- ------------------ ----------------------
  IL-27 \[pg/ml\]    Control   21.8      45.9      8.9       6.8              11.5              0.1--209.7         *Z* = 1.00\
                                                                                                                   *p* = 0.32

  Affected           68.8      144.4     10.4      4.5       15.7             1.7--521.9                           

  TGF-β1 \[pg/ml\]   Control   42867.5   17141.0   43305.1   30617.2          49755.8           14019.3--82814.1   *Z*= --1.70\
                                                                                                                   *p* = 0.09

  Affected           34265.3   11904.2   33926.8   30212.1   40595.6          7119.7--61664.7                      

  TGF-β2 \[pg/ml\]   Control   309.8     96.9      294.7     225.6            340.9             185.9--557.1       *Z* = --2.06\
                                                                                                                   *p* = 0.04

  Affected           258.4     90.4      229.1     197.6     256.8            170.3--520.1                         

  IL-6 \[pg/ml\]     Control   44.7      11.0      41.7      37.9             46.6              32.9--87.8         *Z* = 1.39\
                                                                                                                   *p* = 0.16

  Affected           54.1      25.3      49.1      38.2      60.6             32.4--139.3                          

  sIL-6R \[pg/ml\]   Control   516.4     213.6     484.1     357.8            622.9             242.6--1220.5      *Z* = --0.66\
                                                                                                                   *p* = 0.51

  Affected           464.1     145.7     470.1     340.2     539.8            225.0--782.1                         
  ---------------------------------------------------------------------------------------------------------------------------------------

###### 

Correlation between concentrations of cytokines and ESR as well as CRP in patients with localized scleroderma

  Parameters                          Test function value *R*   Level of significance *p*
  ----------------------------------- ------------------------- ---------------------------
  IL-27 \[pg/ml\] and OB \[mm/h\]     --0.25                    0.33
  IL-27 \[pg/ml\] and CRP \[mg/l\]    --0.11                    0.67
  TGF-β1 \[pg/ml\] and OB \[mm/h\]    --0.10                    0.71
  TGF-β1 \[pg/ml\] and CRP \[mg/l\]   --0.23                    0.37
  TGF-β2 \[pg/ml\] and OB \[mm/h\]    --0.04                    0.86
  TGF-β2 \[pg/ml\] and CRP \[mg/l\]   --0.18                    0.50
  IL-6 \[pg/ml\] and OB \[mm/h\]      0.43                      0.09
  IL-6 \[pg/ml\] and CRP \[mg/l\]     0.44                      0.08
  sIL-6R \[pg/ml\] and OB \[mm/h\]    0.71                      0.002
  sIL-6R \[pg/ml\] and CRP \[mg/l\]   0.45                      0.07

We found decreased levels of TGF-β1 in sera of LS patients when compared with healthy controls, however the differences did not reach statistical significance (*p* = 0.09). In contrast, concentrations of TGF-β2 were significantly lower in the LS group compared to controls (*p* = 0.04).

The correlations of cytokine concentrations with ESR and CRP were analysed in the study group. A positive correlation only between sIL-6 and ESR (*R* = 0.71; *p* = 0.002) was found. There were no significant correlations revealed between serum levels of other analysed cytokines, i.e. IL-6, IL-27, TGF-β1, TGF-β2 and ESR or CRP in the LS group (*p* \> 0.05). The results are listed in [Table 4](#T0004){ref-type="table"}.

Correlations between examined cytokines and clinical form, duration and activity of the disease were not evaluated due to the small number of patients in particular groups.

Discussion {#S0006}
==========

Excessive synthesis of collagen and extracellular matrix components is crucial for skin fibrosis in LS. The cause of this phenomenon has not been fully elucidated yet profibrotic cytokines IL-4, IL-6, and TGF-β seem to be strongly involved. Serum levels of IL-2, IL-4, IL-6, IL-8, and IL-13 as well as soluble factors CD23 and CD30 have been studied in patients with LS and a correlation between their levels and the clinical variant or activity of disease was demonstrated \[[@CIT0029]--[@CIT0031]\].

Interleukin-6 was demonstrated to increase the production of collagen and aminoglycans in the fibroblast culture and some authors disclosed increased levels of IL-6 in patients with LS as well as in those with systemic sclerosis and a correlation between the level of this cytokine and clinical improvement of skin lesions, which indicates a crucial role of IL-6 in the metabolism of connective tissue \[[@CIT0032]--[@CIT0034]\]. Ihn *et al*. detected increased IL-6 in serum of 23/48 patients with LS \[[@CIT0035]\]. Moreover, the authors observed significant differences in IL-6 levels in patients with LS and those with systemic sclerosis. Interestingly, increased IL-6 was detectable in serum of 12/16 patients suffering from generalized morphea and in 9/22 patients with linear morphea. The authors also found a positive correlation between serum levels of IL-6 and the presence of anti-histone antibodies \[[@CIT0034]\].

In the other study, a significant increase in IL-6 mRNA was revealed in the affected skin of patients with LS compared to healthy volunteers. Interestingly, with the improvement of skin lesions following radiation with a UVA1, the IL-6 level in the affected skin and its serum concentration substantially decreased \[[@CIT0032]\].

However, in our study, no significant differences were observed between serum IL-6 and sIL-6R levels in patients with LS compared to controls. Interestingly, we found a significant positive correlation between the level of sIL-6R and ESR.

Different results were reported by Nagaoka *et al*., who found significantly elevated levels of sIL-6R in patients with LS compared to controls and patients with systemic sclerosis \[[@CIT0034]\]. Elevated levels of sIL-6R in the group with LS were correlated with the presence of IgM anti-histone antibodies, rheumatoid factor and extent of skin lesions. The authors also observed an increased serum concentration of IL-6R β chain in the study group which were positively correlated with the levels of IgG anti-histone antibodies \[[@CIT0034]\]. The findings reflect the activation of IL-6/sIL-6R system, which can contribute to the development of sclerotic lesions in patients with LS.

Furthermore, our findings did not reveal significant differences in concentrations of IL-27 between patients with LS and controls. It is difficult to compare these results with other findings since similar studies are lacking.

Our results demonstrate significantly reduced serum TGF-β2 levels in patients with LS compared to controls. Moreover, decreased concentrations of TGF-β1 were observed in patients with LS when compared to healthy individuals although without statistical significance. These results are in contrast to a study of Restrepo *et al*., who did not observe significant differences in both TGF-β1 and TGF-β2 expression in the affected skin of patients with linear scleroderma compared to healthy individuals \[[@CIT0036]\]. In addition, the recent study of Danczak-Pazdrowska *et al*. also did not detect differences in either plasma levels of TGF-β1 or TGF-β1 expression in peripheral blood mononuclear cells and skin between patients with plaque morphea and healthy controls, regardless of disease activity and its duration \[[@CIT0037]\]. Moreover, according to Uziel *et al*., children with LS had significantly elevated serum levels of TGF-β1 compared to controls \[[@CIT0038]\]. The highest levels were observed in patients with linear scleroderma of limbs and generalized variant of LS. The multiple regression analysis did not show significant relations between serum TGF-β1 levels and demographic factors (age, duration of disease) as well as laboratory results (ESR, eosinophil count, levels of IgG and ANA antibodies). Moreover, there was no significant correlation between TGF-β1 levels versus activity and clinical variant of disease \[[@CIT0038]\]. It is difficult to compare these findings with ours since the structures of examined groups of patients varied significantly. Our study was conducted in adult patients whereas Uziel *et al*. studied paediatric population. The rationale for reported differences may be that TGF-β1 and TGF-β2 are likely to accumulate in inflammatory infiltrations near blood vessels in patients with LS, which can substantially reduce their serum levels in the affected.

Interesting findings were reported by Querfeld *et al*. who studied TGF-β1 m RNA expression using in situ hybridization and immunohistochemical methods with anti-TGF-β1 antibodies in the skin of patients with LS and systemic sclerosis \[[@CIT0039]\]. The authors detected TGF-β1 expression near the blood vessels only in the skin of patients with inflammatory infiltrations. The TGF-β1 expression was not found in controls and in patients with sclerosis. Similar results were obtained for TGF-β2 mRNA expression \[[@CIT0039]\].

Conclusions {#S0007}
===========

The results suggest that the soluble receptor of IL-6 (IL-6R) is likely to be involved in the stimulation of inflammation in patients with LS. 2. The findings regarding serum levels of TGF-β1 and TGF-β2 in patients with LS demonstrate a possible involvement of this cytokine in the pathogenesis of LS.
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